Introduction
Despite the large changes in the European natural gas marked due to deregulation and development of the natural gas grid, there have not been any econometric studies of residential natural gas demand for the last years. An up to date study of the European residential natural gas demand should be useful.
The modelling of natural gas demand in national markets is important for a number of reasons. These models give researchers and other market observers information about the structure and composition of demand. Furthermore, the results of these models inform users about the magnitude of future demand and its sensitivity to key determinants such as energy prices and income. A central part of our study is an econometric analysis of residential natural gas demand utilizing a panel of 12 European countries. There is some studies of European residential natural gas demand done previous to the period of deregulation. Pindyck (1979) studied the structure of residential demand for different fuels (including natural gas) using pooled panel data for 9 OECD countries over the period 1955 -1972 . Griffin (1979 estimated a pooled and a country-specific dynamic model for 18 OECD countries over the period 1955 -1972 . Estrada and Fugleberg (1989 analyzed the own-price and cross-price elasticities of residential natural gas demand in France and West Germany using a translog function over the period 1960 -1983. However, there are a number of surveys in the literature dedicated energy demand modelling in general (Bohi, 1981; Bohi and Zimmerman, 1984; AlSahkawi, 1989; Atkinson and Manning, 1995; Madlener, 1996) and a less is known about natural gas and little after deregulation. However, there have been some studies of residential natural gas demand on US state level data (e.g. Maddala et al. (1997) ). Energy elasticities have been estimated by various methods and model approximations, and have tended to differ substantially. To date, most econometric studies of energy demand report that the short-run price and income elasticities tend to be very inelastic, but with much greater long-run responsiveness, and such studies has mainly focused on residential electricity demand.
Our modelling of aggregate residential natural gas demand built on the work of Houthakker and Taylor (1970) and is a straightforward formulation based on standard income and price variables. Heating degree days index are included to account for climate effects, for instance, cold temperatures drive increased natural gas consumption for space heating. The variables were modelled by a loglinear geometric distributed-lag model as formulated by Koyck (1954) and others. The dynamic structure capture the evolution of energy use over time, and makes it possible separate the short-and long-run effects on demand. This functional form has found general acceptance in residential energy demand studies and will not be discussed here.
Potential structural differences between the countries and certain features of the panel data make it desirable to obtain country-specific estimates. However, such an approach presents some challenges, since energy demand data is usually available as annual country or state data, with a limited number of observations of each time series. Few degrees of freedom is a recurrent problem in demand analysis and is closely related to the debate of whether to use homogeneous or heterogeneous model parameters over the cross-section (Maddala, 1991; Maddala et al., 1997; Pesaran and Smith, 1995; Baltagi and Griffin, 1997; Baltagi et al., 2000) . Pooling the data retain more degrees of freedom, but lead to a loss of information by imposing homogeneity across sections.
We employ competing econometric estimators to estimate the elasticities of 3 natural gas demand. These estimators vary in their degree of parameter heterogeneity, with pooled estimators at the one extreme and individual country estimators at the other. Intermediate estimators in terms of heterogeneity are standard panel data estimators (i.e. fixed and random effects estimators), and the more novel iterative Maddala et al. (1997) shrinkage estimator. The shrinkage estimator enables us to pursue an estimation strategy that discriminates between countries with structural differences in natural gas demand. The estimator "shrinks" country-specific parameters of the individual countries toward a common probability distribution, but where the individual country estimates remain heterogeneous after shrinkage. The iterative shrinkage estimator has become popular in heterogeneous estimation on panel data models since it appear to provide more plausible elasticity estimates (Baltagi et al., 2003; Baltagi and Griffin, 1997; Maddala et al., 1997) .
Model specification and estimators
We posit that residential natural gas energy consumption per capita can be approximated by an autoregressive loglinear model of the form (2002) . The prices (total end-use prices inclusive taxes) and private consumption were deflated using the consumer price index (basis year = 1999) from the IFS, and provided in Euro per toe tonnes of oil equivalent (A C/toe) and thousand Euro per capita (kA C/cap), respectively. The natural gas demand was provided in tonnes of oil equivalent per thousands of capita (toe/kcap). The heating degree days index is unit-free.
Since equation (1) neglects the demand relations for other goods, one will generally neglect restrictions between all or some of the parameters in the demand structure. To relax this assumption, demand equations analogous to equation (1) for light fuel oil and electricity demand were included and connected in a seemingly unrelated regression (SUR) model.
Empirical results
This section presents residential natural gas own-price, cross-price and income elasticity estimates in the short-and long-run, using different estimators on a annual panel data from 12 European countries covering the period from 1978 to
2002.
2 Estimation of separate demand models for each country gives the greatest degree of flexibility, but earlier studies have demonstrated that such regression models often provide implausible estimates, for example, positive own-price elasticities (Atkinson and Manning, 1995 Thus, one should expect a priori low own-price and cross-price elasticities. We will see that this is confirmed by our empirical results. (1) is a dynamic log-linear model, the coefficients correspond to the short-run elasticities. Overall, the explanatory power is provided primarily by the lagged consumption term, the heating degree days index and the contemporary natural gas price. The very high coefficients of the lagged dependent variable may be imply long lags in adjustments. Table 2 contains the price and income elasticities of natural gas demand in the short-and long-run based on the parameter estimates in table 1. The t-statistics were obtained using the delta method and the elasticity estimates from the heterogeneous estimators were included by the maximum, average and minimum values of the elasticities. To save space, the heterogeneous country specific elasticity estimates were only included for the OLS, GLS-AR1, Shrinkage (OLS) and Shrinkage (GLS-AR1) estimators, see tables 3, 4, 5 and 6 in the appendix. In absolute terms, all the price and income elasticities were larger in the long-run than the short-run for both the homogeneous and heterogeneous 6 estimators, which harmonize with the a priori expectations. The difference between short-and long-run estimates suggests that the residential consumers demanding natural gas have more possibilities to respond to price and income changes in the longer run.
Comparison of homogeneous and heterogeneous estimates
The income and price elasticity estimates vary quite a bit over the ten homogeneous estimation methods. For example, the long-run own-price elasticity range from -1.541 to 1.844 and the long-run income elasticity range from 1.649 to 2.251. The fixed effects type estimators stand out among these estimators, as only, the fixed effects estimators provide own-price natural gas elasticity estimates significantly different from zero at the 1% level with the a priori expected correct negative sign, and they may provide more sensible estimates of income elasticities than most other homogeneous estimators. For example, the homogeneous long-run own-price elasticities were in the range from -1.541 to -0.873 with country-specific fixed effects dummies and in the range from -0.318 to 1.844
without.
The heterogeneous estimators reveal the wide variability of individual country estimates. The country-specific elasticity estimates were found to have substantial variation across countries, and they had often implausible signs and values. For example, the country-specific OLS long-run own-price elasticity ranged from −3.171 to 1.179 and the long-run income elasticity ranged from −5.096 to 7.442. Such variation and plausibleness of the estimates are similar to what is found in other energy demand studies using individual country-specific estimators. However, such variation is particulary distressing when it is recognized that all the 12 countries are European OECD countries and should share considerable commonalities. In contrast, the shrinkage estimator provide a more narrow range of country-specific estimates and seems to perform better than the other heterogeneous estimators (to be discussed below).
The country-specific GLS-AR1 estimator accounts for the dynamic structure 7 in the model and provided 31 of 96 elasticities significantly different from zero at a 5% level. To comparison, 27 of 96 elasticities were found significantly different from zero at a 5% level using the OLS estimator. The long-run GLS-AR1 own-price elasticities were in the range -3.225 to 0.787 and the long-run income elasticities were in the range -4.884 to 6.360. Overall, the GLS-AR1
estimator seems to have a better model fit than the country specific OLS, but both estimators provided elasticities with substantial variation across countries.
The gains from correcting for possible endogeneity in the lagged dependent variable was disappointing, as the 2SLS performed worse than the counterpart assuming all variables are exogenous. Only 22 of 96 the 2SLS elasticities were found significantly different from zero at a 5% level. We believe it is simply a matter of the poor information content of the instruments selected.
Including demand relationships for light fuel oil and electricity demand in a SUR model did not gain the country-specific natural gas demand parameter estimates. The country-specific SUR estimator provided only 23 of 96 natural gas demand elasticities significantly different from zero at a 5% level and the estimates were relatively unchanged relative to a single equation OLS estimation.
A possible explanation for why SUR estimation did not perform better than a single equation OLS estimation, is that the demand equations for light fuel oil and electricity had very poor model fit.
As previously mentioned, the shrinkage estimator seems to perform better than the other heterogeneous estimators. The short-and long-run demand elas- for the shrinkage (GLS-AR1). Overall, the shrinkage based on the individual GLS-AR1 estimates seem to be superior to the shrinkage (OLS) and shrinkage
(2SLS).
Although the shrinkage estimator allows for slope coefficient heterogeneity, it imposes some additional structure on the coefficients compared to separate regressions on each country, which is the assumption of a common normal probability distribution, involving a common mean and covariance matrix of the parameters (Maddala et al., 1997) . The present t-statistics of the shrinkage elasticities in tables 5 and 6 are computed using the delta method based on this covariance matrix. Notice that the number of significant elasticities is relatively high for the shrinkage estimators compared to the other heterogeneous estimators. For example, the shrinkage (GLS-AR1) provided 80 of 96 elasticities significantly different from zero at a 5% level. This relatively high number of significant elasticities is probably upward biased (Laird and Louis, 1987; Carlin and Gelfand, 1991) .
A more detailed study of the elasticities
Finally, we compare the two types of estimators that performed best, the fixed effects estimators and the shrinkage estimators. Together, we believe that these two types of estimators provide an indication of what may be a plausible value range for natural gas demand elasticities. In most cases, they both performed well in terms of statistical significance.
When we examine the natural gas own-price elasticity estimates, we find that shrinkage based short-and long-run elasticities are generally smaller in absolute terms than the fixed effects. Shrinkage based short-run own-price elasticities are typically in the range -0.1 to 0, while fixed effects own-price elasticity estimates lie between -0.3 and -0.2. In the longer run shrinkage own-price elasticities typically lie between -0.6 and 0, while fixed effects own-price elasticities are in the range -1.5 to -0.9.
Considering previous studies of residential natural gas demand on European country data; Pindyck (1979) reported a long-run own-price elasticity for the pooled sample of -1.7 for 9 OECD countries using annual data over the period 1960 -1974 . Griffin (1979 estimated a pooled and a country-specific dynamic 9 model for 18 OECD countries using annual data over the period 1955 -1972. The pooled model provided a short-run elasticity of -0.95 and a long-run of -2.61. However, his country-specific results were mixed; from a very high -23.7
for Sweden to -1.67 for Netherlands. Our pooled long-run own-price elasticity estimates are lower in absolute term than the pooled estimates of Pindyck (1979) and Griffin (1979) , but the differences may be caused by different period of analysis and grouping of countries.
The natural gas demand study of Maddala et al. (1997) The differences suggest that European consumers' natural gas demand is more price and income elastic than for the consumers in the US. Estrada and Fugleberg (1989) analyzed the own-price and cross-price elasticities of residential natural gas demand in France and West Germany using a translog function over the period 1960 -1983 , and argued that the absolute values of the elasticities are generally higher for West Germany than for France.
They reported own-price elasticities in the range from -0.61 to -0.76 for France and from -0.75 to -0.82 for West Germany. Our shrinkage (GLS-AR1) estimator provided long-run own-price elasticity of -0.160 for France and of -0.274 for Germany, which support the study of Estrada and Fugleberg (1989) of a higher absolute value of the elasticity for Germany than for France, but at a more inelastic level. Unfortunately, the other heterogeneous estimators had difficulties to obtain reliable statements of the difference between France and Germany. For example, a Wald test at a 5% significance level did not suggest structural dif-ference in the long-run own-price elasticity between France and Germany when using the OLS and GLS-AR1 estimator.
Considering income, the homogeneous fixed effects estimators all provided positive income elasticities, which typically lie between 0.3 and 0.7 in the shortrun and between 1.9 and 2.1 in the long-run. The country-specific shrinkage (GLS-AR1) income elasticities typically lie between 0.5 and 1.2 in the short-run and between 1.3 and 6.1 in the long-run. On US state panel data, Maddala et al. (1997) provided long-run income elasticities of 0.104 using homogeneous fixed-effects and in the range from -0.486 to 0.473 using shrinkage. This may suggests that residential European consumers of natural gas is more income elastic than the consumers in the US, or that our income elasticities are upward biased. Since income per capita has been increasing over the period, the income elasticities may include effects of omitted increasing variables in our model, for instance, the increasing availability of natural gas through the natural gas grid.
The cross-price elasticities were typical very inelastic and indicated very low cross-price responsibleness to the energy carrier substitutes for natural gas 
Time shift in the elasticities
Constant elasticities over time may not be a tenable assumption. We investigated whether it was possible to detect a shift in the elasticities by splitting the data set in two time periods according to a split off year. Here we restrict ourselves to homogeneous estimators since the time series were relatively short after splitting and too short for individual country-specific regressions. The homogeneous fixed effects estimators were estimated separately on each part using 1987 as split-off year. The results are provided in table 7.
All the homogeneous fixed effects estimators indicate that there have been an increase in the absolute long-run own-price elasticity for the period after 1987 relatively to the previous period. For example, the FE-AR1 had an estimate of -0.586 for the period before 1987 and of -0.997 for the period after.
A Wald test for structural change in the long-run own-price elasticity for the period after 1987 relatively to the previous period, provided F -statistic of 19.43; the corresponding critical value at a 5% level is 3.88, which suggest a statistical difference. Thus, the consumers may have become more price elastic. One possible explanation is that the consumers have invested in more flexible equipment and have increased possibility to switch between different energy carriers due to changing prices. This was supported by our long-run cross-price elasticities, which had an relative increase in absolute term from the first period to the second. However, the change in long-run income elasticities were mixed and it was not possible to draw unambiguous conclusions.
Summary and conclusions
This paper has analyzed the residential natural gas demand per capita in 12
European countries during the period from 1978 to 2002 using a dynamic loglinear demand model, which allows for country-specific elasticity estimates in the short-and long-run. The explanatory variables included lagged demand per capita, heating degree days index, real prices of natural gas, light fuel oil, electricity, and real private income per capita. We have provided support for employing a heterogeneous estimator such as the shrinkage estimator. But the empirical results it has provided also motivates a further scrutiny of its properties.
Seventeen different econometric estimators were employed to obtain natural gas demand elasticity estimates. The estimators varied in their degree of parameter heterogeneity, with pooled homogeneous estimators (OLS, GLS-AR1, 2SLS) and several variants of standard panel data estimators at the one extreme, and individual country estimators at the other. Intermediate estimators in terms of heterogeneity are standard panel data estimators, i.e. fixed effects and random effects estimators, and the more novel shrinkage estimator.
The fixed effects estimators stand out among the homogeneous estimators, as only fixed effects estimators provide significant own-price natural gas elasticity estimates with the a priori expected correct negative sign. They also provide more sensible estimates of short-and long-run income elasticities than most other estimators. The estimators gave very high coefficients of the lagged dependent variable implying long lags in adjustments.
With an exception for the shrinkage estimator, our country-specific estimates were hard to interpret and had several wrong signs. Estimation of separate demand models for each country gives the greatest degree of flexibility, but earlier studies have demonstrated that such regression models often provide implausible estimates. The most striking conclusion is that shrinkage performs better than the other heterogeneous estimators. short-and long-run demand elasticities based on shrinkage estimates generally have more plausible signs and values, much smaller spread, and larger t-values, than competing heterogeneous estimators.
We also investigated the assumption of constant elasticity over time by splitting the data set in two time periods, 1978 -1986 and 1987 -2002 , and estimate separate models for these two time periods. For the residential natural gas demand market as a whole, the homogeneous fixed-effect estimators indicated an increase in the own-price and cross-price elasticities, while the development of the income elasticity had no clear trend.
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Finally, we compare the two types of estimators that had the best performance, the fixed effects estimators and the shrinkage estimators. Both perform well in terms of statistical significance in most cases. The short-run own-price and income elasticity tend to be very inelastic, but with greater long-run responsiveness. When we examine the natural gas own-price elasticity estimates, we find that shrinkage based elasticities are generally smaller in absolute terms.
Shrinkage based short-run own-price elasticities are typically in the range -0.1 to 0, while fixed effects elasticity estimates lie between -0.3 and -0.2. In the longer run the shrinkage own-price elasticities typically lie between -0.6 and 0, while fixed effects elasticities are in the range from -1.5 to -0.9. Further, the income elasticities provided by shrinkage were typically in the range from 0.4 to 1.3 in the short-run and from 0.9 to 6.1 in the long-run, while the income elasticities provided by fixed effects were typically in the range from 0.3 to 0.7 in the short-run and from 1.9 to 2.2 in the long-run. The cross-price elasticities provided by fixed-effects and shrinkage were typical very inelastic and indicated very low cross-price responsibleness to the energy carrier substitutes for natural gas demand. The shrinkage country-specific cross-price elasticities had mixed signs and values close to zero. The low cross-price elasticities were priori expected, and mixed signs and values close to zero is also provided by earlier energy demand studies.
14 Appendix: Tables   Table 1: Parameter estimates from the different estimators used on the natural gas demand model. 
